After partial hepatectomy, the liver is capable of complete restoration of normal hepatic size, architecture, and function (regeneration). To study roles of the extracellular matrix in regeneration, the temporal and spatial sequences of deposition of several components, including collagen I, 111, and IV, fibronectin, laminin, hepacan sulfate proteoglycan (perlecan), and chondroitin sulfate proteoglycans were characterized by light microscopic immunohistochemistry in rat liver after 70% partial hepatectomy. Consistent with previous reports, there was a brisk mitosis of hepatocytes after the partial hepatectomy. Of the extracellular matrix components studied, 1B5 epitope generated by chondroitinase ABC digestion on chondroitin sulfate proteoglycans ex-969
Introduction
Glycosaminoglycans (GAGS) in liver are composed of heparan sulfates, dermatan sulfate, chondroitin sulfate, and hyaluronic acid, in order of the amount. However, this order and their proportions to other extracellular matrix (ECM) components dramatically change under pathological conditions such as cirrhosis and fibrosis. Liver regeneration may be a good in vivo system to study not only such changes but also their relationship to cell proliferation that occurs under physiologically controlled conditions. Various hepatotrophic factors, neuromediators, hormones, and growth factors acting synergistically are involved in switching a cell state from quiescence to proliferation during liver regeneration and development (Michalopoulos, 1990 ). In addition, it has been suggested that the disappearance and reappearance of ECM components play important I Supported in part by a Grant-in-Aid for Research and Development Project of New Medical Technology in Artificial Organs from the Ministry of Health and Welfare, Government of Japan in 1994.
Correspondence to: Dr. Koji Kimata, Inst. for Molecular Science of Medicine, Aichi Medical Univ., Nagakute, Japan. hibited the most dramatic changes; the epitope was detectable as early as 1.5 hr after partial hepatectomy and its immunoreactivity reached a maximum at 24 hr, then declined gradually. This transient expression of the 1B5 epitope was also detected in neonatal rat liver during development. By Western blotting, the 1B5 epitope was found on two forms of the core protein of chondroitin sulfate proteoglycans with apparent molecular masses of 163 KD and 152 KD, which were also regulated in the same temporal manner. (J Histochem Cytochem &:%9-980, 19%) KEY WORDS: Rat; Liver regeneration; Liver development; Partial hepatectomy; Extracellular matriu, Chondroitin sulfate proteoglycan. roles during these processes (Kato et al., 1992; Wewer et al., 1992; Martinez-Hernandez et al., 1991; Rescan et al., 1989; Carlsson et al., 1981; Edward et al., 1980) . Changes of chondroitin sulfate proteoglycans (PGs) as a component of the extracellular matrix have been observed in other systems for tissue regeneration and development: skeletal muscle regeneration (Carrino et al., 1988) ; optic nerve regeneration (Battisti et al., 1992) ; retinal neuronal patterning (Brittis et al., 1992) ; neural crest development (Perris et al., 1991) ; tooth germ development (Mark et al., 1990) ; sciatic nerve regeneration (Tona et al., 1993; Hoffman et al., 1990) ; and kidney development (McCarthy et al., 1993) . However, changes in chondroitin sulfate PGs during liver development and regeneration have remained to be studied.
In this study we investigated temporal and spatial changes in the distribution of chondroitin sulfate PGs, as well as other ECM components, by immunocytochemistry and immunoblotting during regeneration after partial hepatectomy and at early postnatal stage. We have demonstrated an increased accumulation of two forms of chondroitin sulfate PG molecules and also have suggested from their rapid temporal expression that the synthesis of these PGs could be inducible as an early event' of liver regeneration.
Materials and Methods
Partial Hepatectomy. Male Sprague-Dawley rats (SLC; Shizuoka, Japan) weighing 180-200 g were used for all experiments. The animals were kept in a temperature-controlled room under a 12-hr alternating light and dark cycle and were acclimatized to this environment before use. Rats were partially hepatectomized by the method of Higgins and Anderson (1931) under oxygen-ether anesthesia. Food was available continuously but was withdrawn 12-16 hr before sacrifice.
Extracellular Matrix Antibodies. The characteristics and specificities of the various antibodies are summarized in Table 1 . Rabbit anti-rat Type I collagen antiserum, rabbit anti-rat plasma fibronectin antiserum, rabbit anti-mouse Type IV collagen antiserum, rabbit anti-mouse laminin antiserum, and rabbit anti-mouse heparan sulfate PG (perlecan) antiserum were described previously (Yamagata et al., 1993) . Rabbit anti-rat Type I11 collagen antiserum and rabbit anti-rat laminin antiserum were purchased from Chemicon International (Temecula, CA). Monoclonal mouse anti-PG Adi-OS (1B5, IgGl), Mi-4S (2B6, IgG1). and Adi-6S (3B3, IgM) antibodies were obtained from Seikagaku Corp. (Tokyo, Japan). Those monoclonal antibodies (MAbs) were raised against chondroitinase ABC-treated aggrecan prepared from bovine articular cartilage and rat chondrosarcoma (Byers et al., 1992; Caterson et al., 1985) and have specificity for the "stubs" which are carbohydrate residues generated on the core protein by chondroitinase ABC digestion. Anti-rat neurocan mouse MAb (1G2) was a kind gift from Dr. A Oohira (Institute for Developmental Research, Aichi, Japan). Antirat basement membrane chondroitin sulfate PG mouse MAbs (2D6 and 2B5; McCarthy et al.. 1989 ) and rabbit polyclonal antibodies (R226) were a kind gift from Dr. JR Couchman (University of Alabama at Birmingham. Alabama). Anti-chicken smooth muscle desmin rabbit antiserum (L1807) was obtained from Dako (Glostrup, Denmark). Horseradish peroxidaseconjugated sheep anti-mouse immunoglobulins, FIX-conjugated sheep anti-mouse immunoglobulins, and Texas Red-conjugated donkey anti-rabbit immunoglobulins were from Amersham Japan (Tokyo, Japan). Horseradish peroxidase-conjugated goat anti-mouse IgM antiserum was from Cappel (West Chester, PA).
Immunohistochemistry. Under mild ether anesthesia, rats were sacrificed by exsanguination through the carotid artery. Liver was cut into blocks (3 mm3), and immediately frozen in OCT compound (Miles; Elkhart, IN) with liquid nitrogen and sectioned by a cryostat at a thickness of 10 pm. Cryostat sections were fixed with acetone for 10 min at 4°C. air-dried, and rehydrated in PBS, pH 7.4. Endogenous peroxidase activity was eliminated by exposing the tissues for 30 min to 0.3% H202 in methanol. The tissue sections were then rehydrated for 5 min in PBS. Nonspecific binding of the primary antibodies was blocked by exposing the sections for 10 min to PBS containing 10% BSA and/or 10% sheep serum. Sections were stained for chondroitin sulfate PGs after digestion with chondroitinase ABC. Briefly, sections were covered with a drop of chondroitinase ABC (EC 4.2.2.4.) (Seikagaku) 0.1 Ulml in 0.1 M Tiis-HCI, pH 8.0-30 mM sodium acetate-10 mM EDTA-10 mM N-ethylmaleimide-5 mM phenylmethanesulfony1 fluoride-0.36 mM pepstatin in a humidified chamber and incubated at 37°C for 30 min. After washes with PBS (three times, 5 min each), sections were incubated for 1 hr at room temperature (RT) in a humidified chamber with various antibodies. For controls, identical dilutions or concentrations of nonimmune rabbit or mouse immunoglobulins were used. Sections were washed three times for 5 min each with PBS and then incubated for 1 hr at RT in a humidified chamber with horseradish peroxidase-conjugated protein A (Ely Laboratories; San Mateo, CA), horseradish peroxidase-conjugated sheep anti-mouse immunoglobulin antibodies, or horseradish peroxidaseconjugated goat anti-mouse IgM antibodies. After further washes with PBS (three times, 5 min each), color was developed for 10 min at RT with 50 mM Tris-HCI, pH 7.4-0.4 mglml diaminobenzidine tetrahydrochloride-10 mM NaN3-0.Olo/6 H202 as a substrate (Tsutsumi et al.. 1984) and the sections were dehydrated and embedded in Eukitt (0. Kindler; Freiburg. Germany). The tissue sections were examined under an Olympus BH2 microscope. For comparative microscopy, we applied the same exposure time to both control and experimental groups (all exposure times 1.6 sec). We also used a standard procedure for printing photomicrographs. Indirect double-immunofluorescence staining of frozen sections with 185 mouse MAb and anti-desmin rabbit antiserum was performed to identify the cell type(s) responsible for producing chondroitin sulfate PGs of two different sizes. Essentially, frozen sections on glass slides were fixed with acetone for 10 min at 4"C, air-dried, and rehydrated in PBS. Then the sections were treated with a drop of chondroitinase ABC as described above. After washes with PBS (three times for 5 min each), nonspecific binding of the primary antibodies was blocked by exposing the sections for 10 min to PBS containing 5% sheep serum and 5% donkey serum. Then the slides were incubated in 125 1B5 diluted in prediluted anti-desmin antibodies (Dako; L1807) rat chondrosarcoma CSPG GalNAc 6 sulfate disaccharide unit at 4°C overnight in a humid chamber. The slides were then rinsed three times for 5 min each in PBS. The second incubation was performed for I hr at RT in a humid chamber in a mixture of FITC-conjugated sheep anti-mouse immunoglobulins (Amersham; species-specific) diluted 1:lO and Texas Red-conjugated donkey anti-rabbit immunoglobulins (Amersham; species-specific) diluted 1:25 in PBS. The second antibodies used here had been preadsorbed with 1-week-old rat liver acetone powder at RT for 30 min before use. The sections were rinsed and washed three times for 5 min each in PBS and mounted in Aquatex (Merck; Darmstadt, Germany) containing 1 mglml p-phenyrendiamine. In-camera double-exposure micrographs of tissue sections were taken on Ektachrome-400 (Kodak; Rochester, NY) film with a camera attachment on a Zeiss Axioplan microscope equipped for immunofluorescence. All immunohistochemical studies were performed in triplicate, and two or three different animals were used at each time point after partial hepatectomy.
Extraction and Partial Purification of Proteoglycans. About 1 g (wet weight) of liver tissue was used for each preparation. The liver tissue was rinsed free of extraneous blood in ice-cold PBS, cut into small pieces, and then homogenized with about 10 strokes of a loose-fitting Dounce homogenizer in the extraction solution containing 4 M guanidium chloride, 2% (vlv) Triton X-100-50 mM sodium acetate-0.1 M 6-aminohexanoic acid-20 mM benzamidine hydrochloride-10 mM EDTA-5 mM N-ethylmaleimide-0.5 mM phenylmethanesulfonyI fluoride, pH 5.0 (Lyon and Gallagher, 1991) . The homogenate (5 mg wet weight of liver/ml of extraction solution) was stirred at 4'C for 24 hr. Insoluble residues were removed by centrifugation at 4°C for 30 min at 17,000 x g (>99% proteoglycans in the homogenates were recovered in the extracts, judging from the hexuronate content of the extracts and insoluble residues). Aliquots of the extracts (2 ml each) were then extensively dialyzed against 8 M urea-0.15 M NaCI-O.5% (vlv) Triton X-100-20 mM Tris-HC1, pH 8.0-10 mM EDTA-5 mM N-ethylmaleimide-0.5 mM phenylmethanesulfonyl fluoride, before application on DEAE-Sephacel (Pharmacia Biotech; Tokyo, Japan, 1 ml gel) mini-columns. The column was washed with 5 ml of the 8 M urea solution and bound materials were then eluted with 1.0 M NaCl in the 8 M urea solution.
Analyses of PG Core Proteins by SDS-PAGE. Polyacrylamide gel electrophoresis (PAGE) in the presence of 0.1% (wlv) SDS was carried out in 7.5% (wlv) running gels (Laemmli, 1970) under reducing conditions. Before electrophoresis, PG were desalted by precipitation with 3 volumes of 95% (wlv) ethanol containing 1.3% (wlv) potassium acetate at 0°C (Kimata et al., 1974) . To remove chondroitin sulfate chains, the precipitates were dissolved in 100 pl of 0.05 M Tris-HCI, pH 8.0-0.05 M sodium acctate-10 mM EDTA-10 mM N-ethylmaleimide-5 mM phenylmethanesulfonyl fluoride-0.36 mM pepstatin containing 0.1 U of chondroitinase ABC and incubated at 37°C for 1 hr. Incubated mixtures and control samples were heated in a boiling water bath for 5 min. PGs andlor their core molecules were subjected to ethanol precipitation (see above) and dissolved in the sample buffer by heating at 1OO' C for 5 min. Reduction was carried out in 5 O h (vlv) 2-mercaptoethanol in the sample buffer. Molecular masses of polypeptides were estimated with low molecular weight standard markers (Sigma; St Louis, MO). For immunostaining, proteins and PGs in the gels were transferred to nitrocellulose membranes (Towbin et al., 1979) . The membranes were stained by a conventional method using mouse MAb 1B5, 2B6, or 383.
Results

Changes of ECM Components During Liver Regeneration
As shown in Table 2 for a tabulation of the immunoreactivities of the antibodies during liver regeneration, the distribution of collagens Type I, 111, and IV, fibronectin, laminin, heparan sulfate PG (perlecan), and chondroitin sulfate PGs in liver after partial hepatectomy were examined by immunohistochemistry. Consistent with previous findings (Kato et al., 1992; Martinez-Hernandez et al., 1991) . intensestaining for these ECM components, except for laminin and chondroitin sulfate PGs. was observed in portal and central vein regions and to a lesser extent in lobular regions of regenerating liver. These staining patterns were also observed in sham-operated controls. Collagen Type I and 111 staining revealed a band-like pattern through the hepatic lobule in controls and a continuous pattern in regenerating liver 24 hr after partial hepatectomy ( Figure  1) . In contrast, more intense staining of collagen Type IV (Figures le and If), fibronectin (Figures 2a and 2b) , and perlecan (Figures  2e and 2f ) was observed in sinusoid regions of the regenerating liver 24 hr after partial hepatectomy than in controls. Such intense staining continued for 10 days with collagen Type IV, for 6 days with fibronectin, and for 3 days with perlecan (Table 2) . No significant change in the laminin staining was observed. Laminin was stained intensely in vascular and portal regions and weakly in lobular regions of both regenerating liver and controls (Figures 2c and 2d) . The MAbs 1B5, 2B6, and 3B3 have specificity for the "stubs" that are carbohydrate residues generated on the core protein by chon-droitinase ABC digestion. MAbs 1B5 and 286 recognize unsaturated uronic acid linked to unsulfated and 4-sulfated N-acetylgalactosamine, respectively. MAb 3B3 recognizes primarily nonreducing terminal unsaturated or saturated uronic acid linked to N-acetylgalactosamine 6-sulfate (Byers et al., 1992; Caterson et al., 1985) . These antibodies enable us to detect any type ofchondroitin sulfatecontaining PGs. The intense 1BS epitope staining was detected only in sinusoidal regions around the portal vein 24 hr after partial hepatectomy (Figure 3a) . In sham-operated controls, little staining was observed in the sinusoid throughout the experimental period (Figure 3b ). The 2B6 epitope staining was observed not only in sinusoidal regions but also in portal and central vein regions (Figure 3d ). However, the staining intensity in the sinusoid regions was increased only after partial hepatectomy (Figure 3c ). The 3B3 epitope staining was also observed not only in sinusoidal region but also in portal regions (Figures 3e and 3f) . Staining with 1B5, 2B6. and 3B3 was observed neither on sections without enzymatic digestion nor on those incubated with nonimmune mouse lgGl and IgM. In addition, when the incubation time or the amount of the enzyme was reduced, no staining was observed (data not shown). The perisinusoidallB5 epitope expression was changed in a timedependent manner after partial hepatectomy (Table 2; Figure 4 ). Faint deposits were already seen in the residual liver at 1.5 hr (Figure 4a) . The immunoreactivity with 1B5 reached a maximum at 24 hr (Figure 4e) , then declined gradually, and was barely detectable after 3 days (Figure 4f ). Such a focal and punctate staining pattern of 1B5 in perisinusoids suggested that the 1B5 epitope was associated with perisinusoidal nonparenchymal cells.
Fat-storing cells (FSCs), a special type of nonparenchymal liver cell located in the subendothelial space of Disse, are the principal cellular source of hepatic PGs (Gressner, 1994) . To identify nonparenchymal lB5-positive cells in the regenerating liver, we used anti-desmin antibodies, which are known to be a marker for FSCs in the lobule (Tsutsumi et al., 1987) . Double-immunofluorescence staining with 1B5 and anti-desmin antibodies was performed. Although smooth muscle cells in vascular and biliary structures were intensely stained with the antibodies to desmin (Figure 5 ; red marked by asterisk), hepatocytes and most sinusoidal cells in the lobule were negative. In sinusoid, FSCs were stained with the antibodies, as the cells had prominent slender cytoplasmic processes extending along the subsinusoidal region (Figure 5 ; red without asterisk). However, 1B5 staining did not overlap desmin staining i m n o p Figure 6 . Relative amounts of chondroitin sulfate proteoglycans during liver regeneration. (A) Extracts from the liver 1.5 hr (a,b), 3 hr (c,d), 6 hr (ef), 12 hr (g,h), 24 hr (i,j), 3 days (k,l), 6 days (m,n), and 10 days (o,p) after partial hepatectomy were loaded onto DEAE-Sephacel under dissociative conditions and bound fractions were eluted with 1 M NaCl contining buffer and designated as proteoglycan fractions. Aliquots of proteoglycan fractions prepared from equal weights of each tissue were treated without (a,c,e,g,i,k,m,o) or with (b,d,f,h,j,l,n,p) chondroitinase ABC, run in SDS-PAGE under reducing conditions, blotted onto nitrocellulose membrane, and probed with 185. (6) Aliquots of proteoglycan fractions prepared from equal weights of regenerating liver 24 hr after partial hepatectomy (a,c,e) and sham-operated liver (b,d,f) were treated with chondroitinase ABC, run in SDS-PAGE under reducing conditions, blotted onto nitrocellulose membrane, and stained with 185 (a,b) 286 (c,d), and 383 (e,f). respectively. A 3 0 .~~ band in Lane d (asterisk) is not related to proteoglycan because this band was also observed in the sample without chondroitinase ABC digestion. and showed a different staining pattern (Figure 5; green) , suggesting that 1B5-positive cells belong to other nonparenchymal cells than FSCs.
Enhanced expression of the 1B5 epitope in the regenerating liver was confirmed by semiquantitative immunoblotting. Aliquots of each extract were prepared from the regenerating and control tissues under dissociative conditions and PG fractions were subjected to DEAE-Sephacel chromatography and subsequently to Western blot analysis, as described in Materials and Methods. 1B5 staining revealed the core bands of PGs with apparent molecular masses of 163 KD and 152 KD when fractions were digested with chondroitinase ABC ( Figure 6A ). Time-dependent changes in the in-tensity of these two bands after partial hepatectomy appeared to be associated with changes of the immunostaining patterns described above. Significant staining of the 163-KD and 152-m bands was already observed on the sample derived from the tissue 1.5 hr after partial hepatectomy (Figure 6A, b) . Intense staining of both bands was observed on the sample 24 hr after partial hepatectomy (Figure 6A, j) . An apparent decrease in the staining intensity of both bands was seen on the samples between 24 hr and 3 days after partial hepatectomy ( Figure 6A. j and I) . The faint bands at *I30 KD and *I40 KD were nonspecific because they were also observed in chondroitinase ABC-undigested samples on the original membrane. The intense staining of the 163-KD and 152-KD bands was _.. 17-day-old embryonic (a). 1-day-old postnatal (b), 1-week-old postnatal (c). 2-week-old postnatal (d) (Figure 7d ) and became a trace in the perisinusoidal space after 7 weeks (Figure 7e ). The expression of the 1B5 epitope-containing PG during neonatal life was also studied. PG fractions were prepared from liver extracts of rats at various developmental stages and were analyzed by immunoblotting as described above. The 1B5-positive core proteins derived from chondroitin sulfate PGs in neonatal rat liver also had apparent molecular masses of 163 KD and 152 KD. Changes in the staining intensities of these two bands could be correlated to age. In the extract from 17-day-old rat embryos, the 163-KD band was prominent but little or no 152-KD band was detected ( Figure  8b) . The 152-KD band became significant after the birth ( Figure  8d ). The highest staining intensity of both bands was observed in the 1-week-old rat liver extract (Figure 8f) . A decrease in the intensity of both bands was apparent in the liver extract of 7-week-old adult rat (Figure 8j ). (a,b). 1-day-old (c,d) . 1-week-old (ej), 2- week-old (g,h) . and Fweek-old (iJ) rat liver were treated without (a,c,e,g,i) or with (b,d,f,h,j) chondroitinase ABC. run in SDS-PAGE under reducing conditions, blotted onto nitrocellulose membrane, and probed with 185. also observed with both 2B6 and 3B3 on the sample derived from the tissue 24 hr after partial hepatectomy but not from the tissue 24 hr after sham operation ( Figure 6B , c-f). 2B6 recognized several core proteins with apparent molecular masses of 163 KD, 152 KD, 85 KD. 45 KD, and smears at regions with high molecular masses. Among those, 163-~D, 152-KD. and 85-KD bands were increased in intensity by partial hepatectomy ( Figure 6B, c and d) . 3B3 recognized a smear band at regions with molecular mass higher than 163 KD in addition to the 1 6 3 -~D and 1 5 2 -~~ bands, and all of them were increased in intensity by partial hepatectomy ( Figure  6B , e and f). Therefore, the 2B6 and 3B3 epitopes, as well as the 1B5 epitope, were also on the same core proteins with apparent molecular masses of 163 KD and 152 KD, which appeared to represent the majority of transiently accumulated chondroitin sulfate PGs in regenerating liver after partial hepatectomy.
Sections of
Changes of ECM Components During Liver Development
Expression of the 1B5 epitope was also detected in developing liver and varied at different stages. On Day 17 of gestation there is active hemopoiesis in liver. In the hemopoietic fetal liver, the 1B5 epitope was detectable throughout the lobule in a dispersed fashion (Figure 7a ). In early postnatal stages, intense 1B5 immunoreactivity was observed in the perisinusoidal space throughout the lobule and weakly in the cytoplasm of megakaryocytes in 1-day-old rat liver (Figure 7b , arrowheads in inset). The 1B5 immunoreactivity increased gradually after birth and reached a maximum in 1-week-old rats (Figure 712) . The epitope was detected in the perisinusoidal cells in rat liver. The perisinusoidal 1B5 epitope be-
Discussion
Extracellular matrix plays important roles not only in normal development of liver tissue but also in maintenance of the normal architecture and organ functions (Bissell and Chun, 1988; Reid et al., 1986; Martinez-Hernandez, 1984; Rojikind and Ponce-Noyola, 1982) . This can be easily confirmed in the case of liver diseases. For example, after chronic injury, the liver undergoes a progressive and abnormal accumulation of ECM, which causes disorganization of the hepatic architecture and loss of organ function (Krull et al., 1993; Martinez-Hernandez, 1985; Hahn et al., 1980) .
In liver regeneration, the 1B5 epitope appeared in the hepatic sinusoid by 1.5 hr and its expression reached a maximum at 24 hr. Focal and punctate staining of the 1B5 epitope in sinusoid was prominent in nonparenchymal cells, of which most were around the periportal area. There are a few hepatocytes synthesizing DNA in normal rat liver, and such cells are randomly distributed throughout the hepatic lobules. Partial hepatectomy causes a striking alteration in this pattern. Between 18 and 36 hr after partial hepatectomy when large numbers of hepatocytes are synthesizing DNA, proliferating cells are then localized around the portal area. and subsequently the mitotic activity progresses towards the centrilobular areas (Grisham, 1962) . Therefore, the observed localization of the 1B5 epitope around the portal regions appeared to precede parenchymal cell proliferation.
In neonatal rat liver where premature hepatocytes underwent active growth, strong 1B5 immunoreactivity was observed in the perisinusoidal spaces throughout the entire lobule. Most of the ECM components, including the basement membrane components, were stained strongly in the same regions (data not shown), although the basement membrane has not been identified in the sinusoids at any developmental stages. A perisinusoidal space (space of Disse) is present between the hepatoblastlhematopoietic cell clusters and the sinusoidal lining cells. Immunohistochemistry using animals of different ages revealed that 1B5 reactivity was weak in the perisinusoidal spaces before birth but that it became distinct during postnatal growth. The most intense immunoreactivity was detected 1 week after birth. The epitope gradually disappeared in growing animals, and then could hardly be detected in this region. Western blot analysis also demonstrated an increased level of 1B5 epitope expression on the two core proteins in neonatal rat liver.
Recently, several MAbs recognizing epitopes on chondroitin sulfate chains have been developed and used to visualize the changes in chondroitin sulfate during development, wound healing, and regeneration (Tona et al., 1993; Brittis et al., 1992; Perris et al., 1991; Mark et al., 1990) . In this study, three different kinds of MAbs were successfully used to detect PGs that contained chondroitin sulfate chains susceptible to chondroitinase ABC digestion. Western blot analysis of PGs in the liver after partial hepatectomy demonstrated the appearance and a subsequent increase in the accumulation of two PG molecules in regenerating liver, suggesting that these PGs were inducible. Although there are several alternatives, it is difficult to consider that the increase in the intensity of the 1B5 staining could be due to the decrease in sulfation of the chondroitin sulfate chains of the PGs. Indeed, the staining of the PGs with 2B6 and 3B3 revealed the same temporal expression pattern as seen in the immunohistochemistry with 1B5 during liver regeneration and liver development at an early neonatal stage (data not shown). These staining patterns were reproducible and were not dependent on staining conditions, such as incubation time with chondroitinase ABC. It is also possible that the increase in the number of chondroitin sulfate chains on the core proteins may occur after partial hepatectomy. Further studies are needed to clarify the reactions for the increase in the intensity of the 1B5 immunoreactivity.
Proteoglycans, defined as proteins with one or more covalently attached GAG chains, are classified into a number of structurally and functionally diverse families (for review see Wight et al., 1991) . A number of chondroitin sulfate PGs have now been isolated and characterized from various sources. Some of their core proteins have similar molecular masses to 163 KD and 152 KD. Considering the molecular masses of their core proteins, 136-~D and -150-KD core proteins correspond to those of neurocan (Rauch et al., 1992; 00hira et al., 1988) and basement membrane chondroitin sulfate PG, (McCarthy et al., 1989) . respectively. A specific antibody to neurocan did not show any significant staining in liver tissue, and two specific antibodies to basement membrane chondroitin sulfate PG showed different staining pattems (McCarthy and Couchman, 1990) from that of 1B5 (data not shown). It is unlikely that the chondroitin sulfate PGs identified here have the same core proteins as PGs described previously.
The crucial role of ECM as a regulator of differentiation stages in epithelia (for review see Lin and Bissell, 1993) implies that an alternation in components such as proteoglycans and in their structure may also play a major role in the regeneration and development of liver in the microenvironment surrounding the hepatocyte.
